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1 Plotting graphs 


Exercise 1 


Determine whether the point (2,—1) satisfies 
each of the following equations: 


(a) y=3xr-7 (b) y =—2xr -3 
(c) y =z? +3z-11 (d) ui =z? LET 


Exercise 2 


For each of the following equations, complete 
the table of values for x and y and hence plot 
the graph of the equation. 


(a) y=2r+3 
zx |-3 -2 -1 0 1 2 


2 Straight-line graphs 


Exercise 3 

(a) For each of the following pairs of points, 
find the gradient of the line joining the 
two points, if the line has a gradient. 
(i) (3,7) and (5, 11) 
(ii) (1,7) and (5, —11) 
(ili) (3,5) and (—2, 5) 
(iv) (2,4) and (2, 16) 

(b) For each line in part (a), say whether it 
slopes up from left to right, down from 


left to right, is parallel to the x-axis or is 
parallel to the y-axis. 


Exercise 4 


(a) Find the equation of each of the lines in 
Exercise 3(a). 


(b) Find the z- and y-intercepts of each line. 


(c) Draw each line. 


Exercise 5 
Find the equations of the following lines. 
(a) The line with gradient 4 
and y-intercept —3. 
(b) The line with y-intercept 5 and 
x-intercept 2. 


(c) The line perpendicular to the line with 
equation y = 3x — 5, passing 
through (3, 1). 


(d) The line with gradient —2, passing 
through (4, 1). 


Exercise 6 


(a) Find the gradient of each of the following 
lines, where possible. 


(i) y=3xr +4 (ii) 2y = 6x — 12 
(iii) + +3y-2=0 (iv) y = -3 
(v) s-2=0 


(b) Which lines in part (a) are parallel or 
perpendicular to other lines in part (a)? 


Exercise 7 
Use the equation 
distance travelled = constant speed 
x time elapsed 


to fill in the gaps in the table below. 


Distance Speed Time 
30 km/h 2 hours 
40 km/h 30 minutes 
50 km 2 hours 
25 km 100 km/h 


4 Quadratics 


Exercise 8 


The displacement-time graph below, which 
consists of three line segments, represents a 
car’s journey along a straight road. 


displacement (km) 
5 


time (hours) 
> 


Find the car’s velocity and speed during 
each of the following time periods. 


(i) The first three-quarters of an hour. 
(ii) The half hour after that. 
(iii) The final half hour. 


(b) Describe the car’s journey in words. 
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Intersections of lines 


Exercise 9 


For each pair of lines in Exercise 6(a), find 
the point of intersection if the lines intersect. 


Exercise 10 


Solve the following simultaneous equations by 


using the method of elimination. 


(a) Ar — 3y = —5 (b) 3p — 4q = 10 


3x — 2y = —4 op -L 3q=7 
(c) 4s — 3t=1 (d) 83a — 4y = 1 
63—24 = 1 2r- y= 


4 Quadratics 


Exercise 11 


Factorise each of the following quadratics. 


(a) z? +7r+10 (b) r?+r-12 
(c) p —T7p+12 (d) #+3t—18 
(e) +a- 6 (f) 2 —4b-5 
Exercise 12 


Factorise each of the following quadratics. 
(a) 2z? + Ge +5 (b) 3r? + 5r 17 
(c) 5p? —7p—12 (d) W? — 5t-— 18 
(e) 3a? +7a—6 (f) 4b? +8b-5 


Exercise 13 


Factorise each of the following quadratics. 


(a) a° +3a (b) p? — 6p 
(c) 4y? — 2y (d) 4? -—1 
(e) A? —9 (f) 9r? — 4s? 
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Exercise 14 


Use factorisation to solve the following 
quadratic equations. (Your solutions to 
Exercises 11, 12 and 13 may be helpful in 
some instances.) 


(a) z£? +7zr+10=0 (b) #+3¢-18=0 
(c) 5+4b-b?=0 (d) 2z? +7r+5=0 
(e) Ba? + 7a—6=0 (f) 2s?—5s—-12=0 
(g) (h) 4y? — 2y =0 

( OI än Dn 12=0 


Exercise 10 


Use the discriminant to determine whether 
each of the following quadratic equations has 
one, two or no real solutions. Find any real 
solutions. 


(a) z? +27+3=0 (b) 227-42 -5=0 
(c) 3a7+4=0 (d) 2x2 — 5z = 0 
(e) z? +8r+16=0 


Exercise 15 


Write each of the following expressions in 
completed-square form. 


(a) 2? + 20x (b) 2? —11z (c) y2+7y 


Exercise 16 


Write each of the following expressions in 
completed-square form. 


(a) 27-18@+60 (bi 327+27+2 
(c) -227+2—-—5 


Exercise 20 


Solve the following equations. 


4 — 2u? — 3u? =0 d = 
(c) u u u (4) vi Er 


(e) (b? — b — 2) (b? + 3b +2) = 0 


Exercise 17 


Use the method of completing the square to 
solve the following quadratic equations. 


(a) z2 +5r+6=0 (b) z?— 14r +30=0 
(c) 3z? +6r+1=0 (d) 3z? +5zr+1=0 
(e) —4r? +r +2=0 


Exercise 21 

Sketch the graphs of the following equations. 
(a) y = z? +2 +3 
(b) y = 2z? — 4x — 10 
(c) y = 3r? +4 

(d) y = Ari — Be 

(e) y = z? + 8x + 16 


Exercise 18 


Use the quadratic formula to confirm your 
answers to Exercise 17. 


Solutions to exercises 


Solutions to exercises Solution to Exercise 2 
(a) Using y = 2x + 3 gives the following 
table. 


Solution to Exercise 1 
(a) Setting x = 2 and y = —1 gives 
RHS = 3a -—-7=3x2-—7=6-7=-1, 
LHS =y=-1. 
The LHS and RHS are equal, so the 
point (2,—1) satisfies the 
equation y = 3x — 7. 


(b) Setting x = 2 and y = —1 gives 
RHS = —-24 — 3 = —2 x 2 — 3 = —7, 
LHS = y = -1. 
Since the LHS and RHS are not equal, 


the point (2, —1) does not satisfy the 
equation y = —2x — 3. 


(c) Setting x = 2 and y = —1 gives 
RHS = z? + 3x — 11 = 2? +3 x 2 — 11 = —1, 
LHS = y = 1. 
The LHS and RHS are equal, so the 


point (2, —1) satisfies the 
equation y = x? + 3x — 11. 


(b) Using y = x? + x — 3 gives the following 


d) Setti = 2 and y = —1 gi 
(d) Setting x and y gives REE 


RHS = 274+2-7=4+2-7=-1, 
LHS = ui = (—1) x (-1) = 1. 
Since the LHS and RHS are not equal, 


—2 —-1 0 1 2 3 


y |-1 -3 -3 -1 3 9 


the point (2, —1) does not satisfy the It seems from the table that the graph 
equation y? = z? + x — 7. has a vertical line of symmetry at the 
a-value halfway between xz = —1 


and x = 0; that is, at x = SEI To plot 

the graph accurately it is helpful to 

calculate the value of y when x = —3, 
13 


which is y = —=. 


The graph is shown below. 
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Solution to Exercise 3 


(a) (i) 


(ii) 


(iii) 


The gradient is 

yey. ll-7 4 
-53 2 
The gradient is 
-11-7 18 9 


T2 — T1 


U 01 
Hack?) 


5-1 4 ii 
The gradient is 


mon 2 aa 


T2 — T1 2-3 5 
The two points have the 
same x-coordinate, so the line 
through them is vertical and hence 
has no gradient. 


This line slopes up from left to right. 


This line slopes down from left to 
right. 


This line is parallel to the x-axis. 


This line is parallel to the y-axis. 


Solution to Exercise 4 


(a) (i) 


(ii) 


(iii) 


Since the gradient of the line is 2, its 
equation is of the form y = 2x + c. 
It passes through the point (3,7), 

so 7 =2 x 3+c. Hence c= 1 and 
the equation of the line 

is y = 2x + 1. 


Since the gradient of the line is EE) 
its equation is of the 

form y = —32 +c. It passes through 
the point (1,7), so 


7=-2x1lt+e; 
that is, 

_ 14,9 23 

e= tan T. 


Hence the equation of the line 
is y = -3r + 20. It can be rewritten 
as 9x + 2y = 23. 


The y-coordinate of each point is 5, 
so the equation of the line is y = 5. 


(This is the equation of a line 
parallel to the x-axis, as required.) 


(iv) 


The x coordinate of each point is 2, 
so the equation of the line is 7 = 2. 


(This is the equation of a line 
parallel to the y-axis, as required.) 


Putting « = 0 in the 
equation y = 2x + 1 gives y = 1, so 
the y-intercept is 1. 


Putting y = 0 in the equation gives 
0 = 2x +1; that is, T = —t. So the 
x-intercept is —4. 


Putting x = 0 in the 
equation 9x + 2y = 23 gives 2y = 23; 
that is, y = z, So the y-intercept 
is ==. 

2 
Putting y = 0 in the equation gives 
Ur = 23; that is, T = 2, So the 
x-intercept is Ed 
The line with equation y = 5 has 
y-intercept 5 and no z-intercept. 


The line with equation x = 2 has 
x-intercept 2 and no y-intercept. 


From part (b)(i), two points on the 
line are (0,1) and (—4,0). 
(Alternatively, you can use the two 
points (3,7) and (5,11) from 
Exercise 3(a).) 


(ii) From part (b)(i), two points on the 
line are (0, 32) = (11.5, 0) and 
(32,0) ~ (2.6,0). (Alternatively, you 
can use the two points (1,7) 
and (5,—11) from Exercise 3(a).) 


(iii) This line is the horizontal line with 
y-intercept 5. 


(iv) This line is the vertical line with 
x-intercept 2. 


Solutions to exercises 


Solution to Exercise 5 


(a) 
(b) 


— 
= 


The line with gradient 4 and 
y-intercept —3 has equation y = 4g — 3. 


The line with y-intercept 5 and 
x-intercept 2 passes through the 
points (0,5) and (2,0). So it has gradient 


5—0 5 

che? 
and y-intercept 5. Its equation is 
therefore y = — Är +5. 


The line y = 3x — 5 has gradient 3, so any 
line perpendicular to it has gradient —t. 
So the required equation is of the form 

y = —32 +c. Substituting (x,y) = (3, 1) 
into this equation gives 1 = BE x384+c 
that is, c = 1 + 1 = 2. So the equation of 


the line is y = -ir +2. 


The line has gradient —2, so its equation 
is of the form y = —2x + c. The line 
passes through (4,1), so 1 = —2 x 4 + c; 
that is, c = 9. So the equation of the line 
is y = —2x + 9. 


Solution to Exercise 6 


(a) 


(i) The line y = 32 + 4 has gradient 3. 


(ii) The equation 2y = 6x — 12 can be 
rearranged as y = 3x — 6, so this line 
also has gradient 3. 


(iii) The equation x + 3y — 2 = 0 can be 
rearranged as y = -4g + d so this 
line has gradient SEI 


(iv) The line y = —3 is parallel to the 
z-axis, so its gradient is 0. 


(v) The line x = 2 is parallel to the 
y axis, so its gradient is undefined. 


The lines in parts (a)(i) and (a)(ii) are 
parallel to each other, since they have the 
same gradient. 


Both these lines are perpendicular to the 
line in part (a)(iii), since the product of 
the gradients 3 and BE is —1. 

Also, the lines in parts (a)(iv) and (v) are 
perpendicular to each other. 
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Solution to Exercise 7 


Distance Speed Time 
60 km 30 km/h 2 hours 
20km 40 km/h 30 minutes 
50km 25 km/h 2 hours 
25km 100 km/h 15 minutes 


Solution to Exercise 8 


(a) (i) The car’s velocity during the first 
three-quarters of an hour is the 
gradient of the first line segment, 


which is 
-25—50 -75 
ZT L LZ = 100km/h. 
0.75-0 0.75 i 


Its speed is 100 km/h. 


(ii) The car’s velocity during the next 
half hour is the gradient of the 
second line segment, which is 0. Its 
speed is 0. 


(iii) The car’s velocity during the final 
half hour is the gradient of the third 
line segment, which is 
0 — (—25) 25 
—— = — = BU km/h. 
[e195 06° 

Its speed is 50 km/h. 

(b) The car travels at a speed of 100km/h 
along the road for three-quarters of an 
hour, then it remains stationary for half 
an hour, and finally it travels in the 
opposite direction along the road for half 
an hour at a speed of 50 km/h. 


Solution to Exercise 9 
Lines (i) and (ii): 
The lines y = 3x + 4 and 2y = 6a — 12 are 
parallel and hence do not intersect. 
Lines (i) and (iii): 
The equations are 
y = 3x +4 
r+3y—-—2=0. 
Using the first equation to substitute for y in 
the second equation gives 


x+3(324+4)-2=0. 
So 10a + 12 — 2 = 0, giving z = —1. 


Substituting x = —1 into the first equation 
y=3x(-1)+4=1. 


Hence the point of intersection is (—1, 1). 


Lines (i) and (iv): 

Substituting y = —3 into the 

equation y = 3x + 4 gives —3 = 3x + 4, so 

32 = —7; that is, x = SE? Hence the point of 
intersection is (—£, —3). 


Lines (i) and (v): 

Substituting x = 2 into the 
equation y = 3x + 4 gives y=3x2+4= 10, 
so the point of intersection is (2,10). 


Lines (ii) and (iii): 
The equations are 
2y = 6x — 12 
z+3y—-—2=0. 
The first equation can be rearranged as 


y = 3x — 6. Using this equation to substitute 
for y in the second equation gives 


x + 3(32 —6)-2=0. 
So 10a — 18 — 2 = 0, giving x = 2. 


Substituting x = 2 into the rearranged first 
equation gives y= 3 x 2—6=0. 


Hence the point of intersection is (2,0). 


Lines (ii) and (iv): 

Substituting y = —3 into the 

equation y = 3x — 6 gives —3 = 3x — 6; that 
is, 3x = 6, so x = 1. Hence the point of 
intersection is (1, —3). 


Lines (ii) and (v): 

Substituting x = 2 into the 

equation 2y = 6x — 12 gives y = 0. Hence the 
point of intersection is (2,0). 


Lines (iii) and (iv): 

Substituting y = —3 into the 

equation x + 3y — 2 = 0 gives 

xz +3 x (—3) — 2 = 0; that is, z — 11 = 0, 
so x = 11. Hence the point of intersection 
is (11, —3). 


Lines (iii) and (v): 

Substituting x = 2 into the 
equation z+ 3y — 2 = 0 gives 2 + 3y — 2 = 0; 
that is, 3x = 0, so y = 0. Hence the point of 
intersection is (2,0). 


Lines (iv) and (v): 
These lines intersect at the point (2,—3). 


Solution to Exercise 10 


(a) 


The equations are 
dr — 3y = —5 (1) 
Ar — 2y = —4. (2) 
Multiplying equation (1) by 3 and 
equation (2) by 4 gives 
12x — 9y = —15 (3) 
12x — 8y = —16. (4) 
Subtracting equation (4) from 
equation (3) gives 
-y=1 
y=-l. 
Substituting y = —1 into equation (1) 
gives 


4x — 3(—1) = —5 


4z +3 = -5 
An = —8 
r= 2. 


So the solution is z = —2, y = —1. 
The equations are 

3p — 4q = 10 (5) 

5p + 3q =7. (6) 
Multiplying equation (5) by 5 and 
equation (6) by 3 gives 

15p — 20q = 50 (7) 

15p + 9q = 21. (8) 
Subtracting equation (8) from equation 
(7) gives 

— 29q = 29 

q=-l. 
Substituting q = —1 into equation (5) 
gives 

3p — 4(—1) = 10 

3p = D 

p=2. 
So the solution is p = 2, q = —1. 
The equations are 

4s —3t=1 (9 

6s — 2t= 1. 
Multiplying equation (9) by 3 and 
equation (10) by 2 gives 

12s —9t =3 

12s — 4t = 2. 


Solutions to exercises 


Subtracting equation (12) from 
equation (11) gives 
—dt=1 
_ 1 
=, 
Substituting t = —Z into equation (9) 
gives 


So the solution is s = de t=— 


o= 


The equations are 

3x — 4y = 1 

Qc —y = 3. (14) 
Multiplying equation (13) by 2 and 
equation (14) by 3 gives 

6x — 8y = 2 

6x — 3y = 2. 
Subtracting equation (16) from 
equation (15) gives 

— Du =0 

y= 0. 
Substituting y = 0 into equation (13) 
gives 

Ar = 1 

DEE? 


So the solution is x = d y=0. 


Solution to Exercise 11 


( 
( 
( 
( 
( 
( 


a) 
b) 
c) 
d) 
e) 
f) 


£? + 7g +10 = (x + 2)(x +5) 
r? +r—12= (r+4)(r-—3) 
p?’ — Tp +12 = (p — 3)(p — 4) 
t? + 3t — 18 = (t + 6)(t — 3) 
a? +a-— 6 = (a+ 3)(a— 2) 
b? — 4b — 5 = (b + 1)(b — 5) 


Solution to Exercise 12 


a) 
b) 
c) 
d) 


2x? + 7z +5 = (2g + 5)(x + 1) 
3r? + 5r — 12 = (r + 3) (3r — 4) 
5p° — Tp — 12 = (5p — 12)(p + 1) 
24? — 5t — 18 = (2t — 9)(t + 2) 
3a? + Ta — 6 = (3a — 2) (a + 3) 
4b? + 8b — 5 = (2b — 1) (2b + 5) 
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Solution to Exercise 13 


e) 4x? — 9 = (2z + 3)(2x — 3) 
f) 9r? — 4s? = (3r + 2s)(3r — 2s) 


Solution to Exercise 14 

(a) z? +7z+10=0 
(a+ 2)(4+5) =0 
zr+2=0 or #+5=0 
g£=-2 or x£=-5 

(b) t?+3t-18=0 
({+6)(t —3) =0 
t+6=0 or t-3=0 
t=-6 or t=3 


(c) 5+4b-b? =0 
b —4b-5 U 
(b+ 1)(b—5) =0 
b+1=0 or b-5=0 
b=-1 or b=5 


(d) 22? +72+5=0 
(2x + BIL +1) =0 
24+5=0 or x+1=0 


s Z 
L=-5 or L= 1 


(e) 307+ 7a — 6 = 0 
(a+ 3)(3a — 2) = 0 
a+3=0 or 3a—2=0 
2 


a=-—3 or kb 


(£) 2s? —5s—12=0 
(s — 4)(2s + 3) =0 
s—4=0 or 25+3=0 


3 
— A = —— 
s or -S 5 
(g) a? +3a=0 
a(a+3) =0 
a=0 or a+3=0 
a=0 or a=-—3 


(h) 4y? — 2y =0 
2y(2y — 1) =0 
2y=0 or 2y¥-1=0 
y=0 or y=s 


(i) 9r?-4=0 
(3r + 2)(8r — 2) =0 
3r+2=0 or 38r—2=0 
2 2 


=—3 or res 


(These solutions can be written as 
r= +3.) 
OI 25p? — 5p -12=—0 
(5p — 4)(5p + 3) =0 
5p-4=0 or 5p+3=0 


— 4 9 
p=5 or p=-š 


Solution to Exercise 15 
(a) z? + 20x = (x + 10)? — 100 


2 
(b) ?-11= (2-5) = 


Solution to Exercise 16 
(a) x — 18x + 60 = (x — 9)? — 81+ 60 
= (x — 9)? — 21 


7 
(b) EEGEN 


8 
+ 


an ee 
bo 


+ 


l 

E 
SE gee Eege H 

+ 


i 1 
a) akg 

3 3 

2 

1 1 6 
= h 
SE 3 2 

1 5 

3 3 


1 
(c) —2r/ + x — 5 = d 5°) 5 
S LY 5 
= 1-7 16 
en SR 5 
= T 8 
= 1 SÉ A0 
= T 3 8 
2 
1 39 
329) = Set 
L d 8 
Solution to Exercise 17 
(a) zi +52+6=0 
2 
5 25 
= ees 6 = 
(«+3) am 
, P "9594. 
TTD 4° 4 
2 
5 il 
=) ~~=9 
(«+3) 1 
, P a i 
TL =- 
7 4 
, 1 , 1 
Lee or kee 
2 2 2 2 
18 8 3 
Se z or L = 7 7 
x=-3 or Tse d 


r? — 14r +30 =0 

(x — 7)? — 49 +30 =0 

(x-7)? —19=0 

(x-7) =19 

e-7=V19 or «-7=-VI19 
e=74+V19 or z=7-— v19 
327 +62+1=0 

Zi? +27) +1=0 

3((a@ +1) —1)+1=0 


( 

3(z +1) -3+1=0 

o = 2 = U 
_2 

TL S or rtl 2 
3 3 

BEE S or zl: S 

3 3 


Solutions to exercises 


(d) 3z? +5xr+1=0 


13 
3 et aoe 
Le 12 
, 713 
n SÉ 
6 36 
5 1B 5 vI 
a SE EECH 
5 1B 5 vi? 
E = E SS 
6° 6 6 6 
x= 4(—5 + v13) or c= #(—5-— v13) 
(e) —42°+2+2=0 
1 
-4 (2-37) +2=0 
2 
1 1 
A Eh WË 7 
lL 3) Ob 
1 2 
dl =- —+4+2=0 
(- d + e" 
2 
1 1 32 
=A SE GE 
€ d teg 
2 
1 33 
lE = o0 
€ d + 76 
EN". 33 
=== = 
8 64 
1 33 1 33 
T= > —— OF HB ee ee 
8 8 8 8 
L. v33 ` 1 33 
t =- — r g= - — —— 
8° 8 8 8 
=$ 1+ v33) or c=} 1 — v33) 
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Solution to Exercise 18 (d) The equation is Ar? + 54 + 1 = 0, so 


(a) The equation is x2 + 5x +6 = 0, so here a = 3, b = 5 and c = 1. Substituting 
here a = 1, b= 5 and c= 6. Substituting into the quadratic formula gives 


into the quadratic formula gives —b + yb? — 4ac 
r = ——— 
—b + Vb? — 4ac 2a 
z= Ce ee 
—5 + /25 — 24 6 
aad ea _ 5+ VIB 
_-5+1 p 
2 i The solutions are x = 4(—5 + v13) and 
= = L 2 z = 4(—5 — v13). 
Sð or 8, (e) The equation is —4z? + £ + 2 = 0, so 
here a = —4, b = 1 and c = 2. 
The solutions are z = —2 and x = —3. Substituting into the quadratic formula 
(b) The equation is z? — 14x + 30 = 0, so E 
here a = 1, b= —14 and c = 30. —b + Vb? — 4ac 
Substituting into the quadratic formula SC ER 
ae = -1+ y1- (-32) 
—b + Vb? — Joe E —8 
G 
20 D —-1+ N 33 
14+ V196— 120 =- 8 
2 14 V8 
_ 14+ /76 E 8 : 
E 2 . al 
The solutions are <(1 + v33) and 
14+ 2V19 1 d ) 
= 1(1 — 33). 
2 
=7 + v19. Solution to Exercise 19 
The solutions are x = 7 + v19 and (a) The equation is x? + 2x + 3 = 0, so 
r=7-V19. here a = 1, b = 2 and c = 3. The 


(c) The equation is 3x? + 6x + 1 = 0, so Bec reins 


here a = 3, b= 6 and c= 1. Substituting b? — 4ac = 4-12 = -8. 


G S HHS nee Since the discriminant is negative, the 


—b+ Vb? — 4ac equation has no real solutions. 
L = — 
2a (b) The equation is 2z? — 4x — 5 = 0, so 
_ 6+ V36— 12 here a = 2, b = —4 and c= —5. The 
6 discriminant is 
== v24 GT EE Se. 
de Since the discriminant is positive, the 
SE ER equation has two real solutions. 
V6 The equation cannot be solved by 
l ES factorising using integers, so we solve it 
by using the quadratic formula. This 
The solutions are x = —1 + LVD and KE B 4 


x = —1 — Sp. (They can also be written 


as z= -1+ 4/2 and « = -1-4/2 
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The solutions are $(2 + v14) and 
$(2— v14). 
The equation is 3x7 + 4 = 0, so 
here a= 3, b = 0 and c = 4. The 
discriminant is 

b’ — doe = 0 — 48 = —48. 
Since the discriminant is negative, the 


equation has no real solutions. 


The equation is 2z? — Br = 0, so 
here a = 2, b = —5 and c = 0. The 
discriminant is 

b’ — 4ac = 25 — 0 = 25 > 0. 


Since the discriminant is positive, the 
equation has two real solutions. 


The equation can be solved by factorising: 


227 — 5z = D 
x(2x — 5) =0 

5 
= U = =, 
H 9 or T 7 


The solutions are x = 0 and x = 2. 


The equation is x? + 8x + 16 = 0, so 
here a = 1, b = 8 and c = 16. The 
discriminant is 

b’ — 4ac = 64 — 64 = 0. 


Since the discriminant is 0, there is one 
real solution. 


The equation can be solved by factorising: 


r? +8r+16=0 
(c+ 4)(4+4) =0 
z = —4. 


The solution is z = —4. 


Solutions to exercises 


Solution to Exercise 20 


(a) 


The equation is 

1 x 

jr 5 är 
Assume that x #0 and rz 3. 
Cross-multiply: 


5 — 3a = 22”. 


Solve this quadratic equation: 
2x? +32 —-5=0 
(22 + 5)(a —1) =0 


t= or r= l. 
2 


Neither of these values is 0 or 3, so the 
solutions of the original equation are 
g= -5 and x = 1. 


The equation is 
p =9. 
This gives 
pP =3 or p =—3. 
The first of these equations gives 
saa, 


and the second equation has no solutions. 


So the solutions of the original equation 
are p = V3 and p = — v3. 
The equation is 
ut — 2u3 — 3u? = 0. 
Factorising gives 
u?’ (u? — 2u — 3) = 0 
u*(u+1)(u—3) =0 
u? =0 or 


u=-l or u=3. 


The equation u? = 0 has the single 
solution u = 0, so the solutions of the 
original equation are u = 0, u = —1 
and u = 3. 
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(d) The equation is 


14 


2 Am 
Lie l-r 
Assume that x #1 and z Æ —1. 
Cross-multiply: 


2(1 — x) = 32(1+72). 


Multiply out the brackets and solve the 
resulting quadratic equation: 

2 — 2x = 3x + 3r? 

3z? + 5a —-2=0 

(32 —1)(4@+ 2) =0 


r= -2. 


Neither of these values is 1 or —1, so the 
solutions of the original equation are 


z= 4% and z = —2. 


The equation is: 
(b? —b— 2)(b? + 3b +2) =0. 
Factorise each quadratic: 
(b+ 1)(b— 2)(b+ 2)(64+ 1) =0 
(b+ 1)?(b— 2)(b+ 2) =0 
b=-1 or b=2 or 


b = —2. 


So the solutions of the original equation 
are b = —2, b = —1 and b = 2. 


Solution to Exercise 21 


(a) The equation is y = £? + 2x + 3. 


Since the coefficient of x is positive, the 

graph is u-shaped. 

To find the y-intercept, we put x = 0, 

which gives y = 3. 

To find any x-intercepts, we put y = 0, 

which gives x? + 22 +3 =0. This 

quadratic expression has discriminant 
b?’ — 4ac = 4 — 12 = —8. 


Since the discriminant is negative, there 
are no solutions, and hence no 
x-intercepts. 


The equation y = x? + 2z + 3 can be 
rearranged as 


y TL +2) +3. 


It follows that x = 0 and x = —2 give the 
same y-value, namely 3, so the points 
(0,3) and (—2, 3) lie on the graph. The 
axis of symmetry lies halfway between 


we 


these points, so its equation is 
x = $(0+(—2)); that is, x = —1. 


The vertex lies on the axis of symmetry, 
so it has z-coordinate —1 and 
y-coordinate (—1)? +2 x (-1) +3 =2. 
Hence it is (—1, 2). 


The graph is sketched below. 


YA 
y= +2r+3 


(0,3) 


Xy 


The equation is y = 2x? — 4x — 10. 


Since the coefficient of x is positive, the 
graph is u-shaped. 


To find the y-intercept, we put x = 0, 
which gives y = —10. 


To find any x-intercepts, we put y = 0, 
which gives 


2x? — Ae — 10 = 0, 
which can be simplified to 
r? —-27—-5=0. 


Using the quadratic formula gives 


_ —b+ Vb? = 4ac 
S 20 

4+ 20 

7 2 

_ 24724 
~~ 

_ 22/6 

= 2 

=14+ V6. 


So the z-intercepts are 1+ v6 = 3.5 and 
1— v6 = —1.5. 


The axis of symmetry lies halfway 
between the points corresponding to the 
x-intercepts, so its equation is 

x = 4((1+ V6) + (1 — V6)); that is, 


g= l; 


The vertex lies on the axis of symmetry, 
so it has x-coordinate 1 and 
y-coordinate 2 x 1? — 4 x 1 — 10 = —12. 
Hence it is (1, —12). 


The graph is sketched below. 


(0, —10) y = 2x? — 4x — 10 


(1, —12) 


The equation is y = 3x? + 4. 


Since the coefficient of x is positive, the 
graph is u-shaped. 


To find the y-intercept, we put x = 0, 
which gives y = 4. 


To find any x-intercepts, we put y = 0, 
which gives 3x2 + 4 = 0. This quadratic 
equation has no solutions, since 3x? + 4 is 
positive for all values of x. So there are 
no x-intercepts. 


It can be seen from the equation 

y = 3x? + 4 that any value of x and its 
negative give the same y-value, so the 
axis of symmetry is the y-axis. 


The vertex lies on the axis of symmetry, 
so it has z-coordinate 0 and hence 
y-coordinate 4. So it is (0,4). 


It is helpful to find another point on the 
graph. When z = 1, y=3x 17+4=7, 
so the point (1,7) lies on the graph. 
Hence, since the axis of symmetry is the 
y-axis, the point (—1,7) also lies on the 
graph. 


The graph is sketched below. 


Solutions to exercises 


(-1,7) (52) 


MY 


(d) The equation is y = 2x? — 5x. 


Since the coefficient of x is positive, the 
graph is u-shaped. 

To find the y-intercept, we put x = 0, 
which gives y = 0. 


To find any x-intercepts, we put y = 0, 
which gives 


2x? — 52 = 0 
xr(2x — 5) =0 


5 
x=0 or r=. 
2 


So the x-intercepts are 0 and 2. 


The axis of symmetry lies halfway 
between the points corresponding to the 
x-intercepts, so its equation is 

x = 4(0+ 3); that is, x = Š. 
The vertex lies on the axis of symmetry, 
so it has x-coordinate 5 = 1.25 and 
y-coordinate 


Hence it is (1.25, —3.125). 
The graph is sketched below. 


YA 
y = 2x? = 5r 


~ 
Gn 
=] 
= 
RY 


15 


Exercise Booklet 2 


(e) The equation is y = x? + 824+ 16. 


16 


Since the coefficient of x is positive, the 
graph is u-shaped. 


To find the y-intercept, we put x = 0, 
which gives y = 16. 


To find any x-intercepts, we put y = 0, 
which gives 

x? + 8r+16=0 

(e +4)? =0 

gz = —4. 
So there is one x-intercept, namely —4. 


The axis of symmetry is therefore 

gz = —4. 

The vertex is the point corresponding to 
the single x-intercept, namely (—4, 0). 
The graph is sketched below. 

(The point ‘opposite’ (0,16) has been 
marked to make it easier to sketch the 
graph.) 


YA 
y= x? +8xr +16 


(—8, 16) (0, 16) 


MY 


E 0) 


